Background and aims: Low physical activity, one of five criteria in a validated clinical phenotype of frailty, is assessed by a standardized, semiquantitative questionnaire on up to 20 leisure time activities. Because of the time demanded to collect the interview data, it has been challenging to translate to studies other than the Cardiovascular Health Study (CHS), for which it was developed. Considering subsets of activities, we identified and evaluated streamlined surrogate assessment methods and compared them to one implemented in the Women's Health and Aging Study (WHAS). Methods: Using data on men and women ages 65 and older from the CHS, we applied logistic regression models to rank activities by "relative influence" in predicting low physical activity. We considered subsets of the most influential activities as inputs to potential surrogate models (logistic regressions). We evaluated predictive accuracy and predictive validity using the area under receiver operating characteristic curves and assessed criterion validity using proportional hazards models relating frailty status (defined using the surrogate) to mortality. Results: Walking for exercise and moderately strenuous household chores were highly influential for both genders. Women required fewer activities than men for accurate classification. The WHAS model (8 CHS activities) was an effective surrogate, but a surrogate using 6 activities (walking, chores, gardening, general exercise, mowing and golfing) was also highly predictive. Conclusions: We recommend a 6 activity questionnaire to assess physical activity for men and women. If efficiency is essential and the study involves only women, fewer activities can be included.
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INTRODUCTION
Frailty is largely considered to be a geriatric syndrome characterized by multi-system decline. A frailty phenotype has been operationalized into a clinical definition by identifying and integrating 5 characteristics that appear consistent with relevant hypotheses to constitute a clinical syndrome: weakness (as measured by grip strength), poor endurance, unintended weight loss, low physical activity and slow walking speed (1). Individuals are considered frail if they satisfy 3 or more criteria, prefrail if they satisfy 1 or 2 and robust if they satisfy none. Using this definition, frailty in older adults has been found to be associated with important increased risks of falls (not statistically significant), worsening mobility, worsening disability and death (1, 2).
The 5 criteria characterization of frailty -originally developed and validated using data from the Cardiovascular Health Study (CHS) -is being increasingly applied in the gerontological literature. However, the low physical activity criterion has proven to be particularly challenging to assess and to translate to other studies and potentially to clinical settings because of the time required. In the CHS, physical activity is ascertained using a modified version of the Minnesota Leisure Time Activities (MLTA) Questionnaire (3) assessing participation in up to 20 activities. In other studies, including the Women's Health and Aging Study (2), investigators have applied modified definitions (4-10) or have excluded the criterion altogether (11, 12) . The CHS questionnaire is time-consuming to administer and presents considerable participant and analyst burden. A streamlined version would be of interest to the gerontological community and could be included in a simplified screening tool for frailty.
We investigated whether responses on a subset of activities in the current questionnaire could be used to accurately determine physical activity status as defined by the current criterion. This work introduces and validates streamlined surrogate assessments, informs on the validity of modified low physical activity criteria and offers guidance for future simplifications.
METHODS

Study Population and Measures
We used data from the CHS, a longitudinal study of 5888 older adults originally designed to study the epidemiology of cardiovascular disease in older adults (13). CHS participants were recruited from age-and genderstratified random samples of Medicare eligibility lists in 4 U.S. communities and from age-eligible persons residing in the same household (14) . Beginning in 1989, CHS participants in the original cohort (Cohort 1, n=5201) underwent annual clinical examinations. Due to inadequate minority representation, a second cohort of African Americans (Cohort 2, n=687) was added to the CHS starting in 1992. As presented in detail elsewhere (1, 13), extensive self-reported and clinical information was gathered at each examination.
Physical activity questionnaire Physical activity was assessed using a modified version of the Minnesota Leisure Time Activities (MLTA) Questionnaire (1, 3) on up to 20 activities. Fifteen activities were pre-specified: walking for exercise, moderately strenuous household chores, mowing the lawn, raking the lawn, gardening, hiking, jogging, biking, exercise cycling, dancing, aerobics/aerobic dancing, bowling, golfing, calisthenics/general exercising and swimming. Respondents could report on up to 2 additional activities of his/her choice. Three other activities (doubles and singles tennis and racquetball) were included in the 1989-1990 questionnaire, but excluded in subsequent years due to low response rates. Participants who had engaged in an activity during the prior 2 weeks were further questioned on the number of sessions, the average session duration and the seasonality of his/ her participation. The questionnaire was administered at baseline (1989) (1990) for Cohort 1 and 1992-1993 for Cohort 2) and at up to 2 follow-up visits (1992) (1993) for Cohort 1 and 1996-1997 for both cohorts).
Low physical activity determination
Kilocalorie per week (kcal/week) expenditures were calculated for each activity using its metabolic equivalent (MET) score (a measure of exercise intensity) (15, 16):
activity-specific MET (kcal/(kg × hour)) × body weight (kg) × activity duration (minutes)/60 × number of sessions in past two weeks/2 × number of months per year/12.
Previous CHS kcal/week computations implicitly assumed each participant weighed 60 kg. We accounted for differences in body weight by including the multiplicative factor (body weight in kg)/60. Recent work in the CHS updated kcal/week expenditures by assigning MET scores to free response activities, deleting unlikely values for duration or frequency for all activities and filling in missing items using single regression imputation based on age, gender, race, body mass index and corresponding activity data (17). Total kcal/week expenditure on leisure time activities was obtained by summing expenditures over all activities [15 pre-specified (18 for Cohort 1 at baseline) and the up to 2 free response] using the updated activityspecific expenditures. After pooling the cohorts, we defined participants with the gender-specific lowest quintile of total kcal/week expenditure at baseline to have low physical activity (1). The baseline threshold was applied at follow-up. We had access to the updated total kcal/week expenditures from (17) (which we adjusted for body weight) and questionnaire response information. Activityspecific kcal/week expenditures were not available, so we reproduced the updated calculation for the 15 activities.
Pre-existing modified criterion
In the Women's Health and Aging Study (WHAS), physical activity was assessed by a questionnaire on 6 activities, 5 of which are standard CHS activities: walking, doing strenuous household chores, dancing, bowling and exercise. We assumed that the sixth activity, "doing strenuous outdoor chores" corresponds with 3 CHS activities: mowing, raking and gardening. Low physical activity was assigned using a threshold on total kcal/week expenditures from these activities 1/3 the value of the gender-specific CHS threshold from (1).
Exclusions
We applied the CHS baseline exclusion criteria for frailty to remove participants with diseases potentially producing frailty-like characteristics (1). We excluded 550 participants at baseline: 47 with "a history of Parkinson's disease", 249 with adjudicated stroke, 74 with "Mini-Mental scores <18," and 235 "who were taking different drugs (levodopa+carbidopa, donepezil) or antidepressants" (1). We further excluded 45 participants with incomplete baseline data on low physical activity or on the 15 leisure time activities. Participants missing 3 or 4 of the other frailty criteria (6 participants at baseline) were assigned missing frailty status and were included in physical activity analyses, but excluded from analyses involving frailty status. Participants missing 1 or 2 (433 and 66 participants at baseline, respectively) of the other 4 criteria were assigned frailty status based on the usual frailty status classification (missing information on a criterion was taken to mean not satisfying the criterion) and included in analyses involving frailty status.
